Microglial cells, resident macrophages in the central nervous system (CNS), are relatively quiescent but can respond to signals from the peripheral immune system and induce neuroinflammation. In aging, microglia tend to transition to the M1 pro-inflammatory state and become hypersensitive to messages emerging from immune-to-brain signaling pathways. Thus, whereas in younger individuals where microglia respond to signals from the peripheral immune system and induce a well-controlled neuroinflammatory response that is adaptive (e.g., when well controlled, fever and sickness behavior facilitate recovery from infection), in older individuals with an infection, microglia overreact and produce excessive levels of inflammatory cytokines causing behavioral pathology including cognitive dysfunction. Importantly, recent studies indicate a number of naturally occurring bioactive compounds present in certain foods have anti-inflammatory properties and are capable of mitigating brain microglial cells. These include, e.g., flavonoid and non-flavonoid compounds in fruits and vegetables, and n-3 polyunsaturated fatty acids (PUFA) in oily fish. Thus, dietary bioactives have potential to restore the population of microglial cells in the senescent brain to a more quiescent state. The pragmatic concept to constrain microglia through dietary intervention is significant because neuroinflammation and cognitive deficits are co-morbid factors in many chronic inflammatory diseases. Controlling microglial cell reactivity has important consequences for preserving adult neurogenesis, neuronal structure and function, and cognition.
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Channels of communication between the immune system and brain
Neurobehavioral changes due to influenza infection have been well documented (Hart, 1988) . One explanation is that influenza virus enters the brain where it is detected by neurons that control behavior. This is possible since neurons express toll-like receptors (TLR) that are up regulated and rendered more sensitive to TLR ligands upon exposure to the anti-viral cytokine interferon-c (Tang et al., 2007) . However, most influenza strains, including those responsible for pandemics, are non-neurotropic (Kobasa et al., 2007; Schlesinger et al., 1998; Wang et al., 2010) , suggesting that neurobehavioral symptoms associated with influenza infection are not due to virus entering the CNS. Instead, peripheral sentinel immune cells such as monocytes and macrophages play a critical role. These cells are also equipped with TLRs that recognize unique molecules associated with groups of pathogens (i.e., pathogen associated molecular patterns; see (Moresco et al., 2011) ). Stimulation of TLRs that recognize viruses (TLR3 and TLR7) and bacteria (TLR4) on immune sentinel cells can have profound neurobehavioral effects, indicating the immune system conveys a message to the brain after detecting an infectious agent. This message is cytokine based, as macrophages and monocytes produce inflammatory cytokines [e.g., interleukin (IL)-1b, IL-6, and tumor necrosis factor-a (TNFa)] that facilitate communication between the periphery and brain. Several cytokine-dependent pathways that enable the peripheral immune system to transcend the blood-brain barrier have been dissected (Banks, 2012; Quan, 2008) .
First, there is evidence that inflammatory cytokines present in blood can be actively transported by the endothelial cells of the blood-brain barrier into the brain parenchyma (Banks and Kastin, 1991; Banks et al., 1994a Banks et al., ,b, 1995 Gutierrez et al., 1993) . A fundamental point, however, is that inflammatory cytokines produced in the periphery need not enter the brain to elicit neurobehavioral changes. This is because inflammatory cytokines in the periphery can induce microglia-macrophage-like cells present in the brain-to produce a similar repertoire of inflammatory cytokines, thus recapitulating the message from the peripheral immune system (Ban et al., 1992; Laye et al., 1994 
